Supplementary materials and methods

S. pombe strains and genetic procedures
For all nutrient starvation experiments, cells grown on EMM plates were inoculated in rich minimal medium (RM: EMM + 5g/L NH 4 Cl and 2% glucose) and grown at 30˚C to mid-log phase (~0.5 x 10 7 cells/ml). Cells were then pelleted at room temperature, washed once with starvation minimal medium (SM: EMM without NH 4 Cl and 0.5% glucose), inoculated in either rich minimal or starvation minimal medium and incubated for 4 hours at 30˚C. In the text, "nutrient starvation" thus refers to the complete removal of the nitrogen source and to a decrease in glucose concentration in the medium.
Gene deletions were constructed by replacing the respective open reading frame (ORF) with ura4 + or kanMX6 cassettes using PCR-based gene targeting and lithium-acetate transformation, as described (Bähler et al. 1998 ). In each case, PCR amplification was performed using primers of 100 bases, with 20 bases designed for amplification and 80 bases to direct homologous recombination to the sites flanking the corresponding ORF (primers listed in Supplementary Table 11 ). Construction of the gcn5-191 point mutant was performed using a two-step in vivo site-directed mutagenesis procedure (Storici et al. 2001) , except using 150-mer oligonucleotides. We introduced a single basepair change that encodes the amino acid change E191Q. Transformants were screened by PCR analysis to verify correct gene replacement. Strains with epitope-tagged SAGA subunits were constructed by fusing the corresponding tag to the 3' end of the respective gene by homologous recombination, removing the stop codon. Correct integration was verified by PCR and by western blot analysis of whole-cell protein extracts, using the PAP antibody (peroxidase-anti-peroxidase; Sigma) or an anti-Myc antibody (A14, Santa Cruz Biotechnology). Equal loading was controlled by staining the transfer membranes with Ponceau red (Sigma).
Tandem affinity purification and mass spectrometry analysis
The S. pombe SAGA complex was purified by the tandem affinity purification (TAP) method (Supplemental information). Two putative SAGA subunits, Ada1 (SPBC887.18c) and Spt7 (SPBC25H2.11c), were identified by BLAST searches and tagged with an HA 3 -TAP 2 fusion epitope (from plasmid pFS209, generous gift from N. Rhind). TAP preparations were performed from two liter YES cultures grown at 32˚C to a cell concentration of approximately 2x10 7 cells/ml. Purified proteins were analyzed by Western blot using an anti-HA (12CA5, generous gift from Brad Cairns) antibody or separated on a SDS 5%-20% gradient polyacrylamide gel and visualized by silver staining. Total protein mixtures were precipitated with 20% trichloroacetic acid (TCA; Sigma) and then in-solution digested with trypsin. 10-20% was analyzed by liquid-chromatography coupled to tandem mass spectrometry (LC-MS/MS). Peptides were separated across a 55 min gradient ranging from 7 to 30% ACN in 0.1% FA in a microcapillary (125 µm x 17 cm) column packed with C18 reverse-phase material (Magic C18AQ, 5 µm particles, 200 Å pore size, Michrom Bioresources, Auburn, CA) and on-line analyzed on a hybrid mass spectrometer, either an LTQ-FT or an LTQ-Orbitrap (ThermoElectron, San Jose, CA). For each cycle, one full MS scan acquired at high mass resolution was followed by 10 MS/MS spectra on the linear ion trap from the 10 most abundant ions. MS/MS spectra were searched against the S. pombe protein sequence database using the Sequest algorithm (Eng et al. 1994) . Peptide matches were filtered to <0.5% false-positives using a target-decoy database strategy (Elias and Gygi 2007) . The final list of SAGA subunits was obtained by subtracting protein matches that were also found in an untagged control sample and by considering only proteins recovered with an amino acid coverage greater than 15%. Ubp8, Sgf73 and Sgf11 were sometimes absent from our purifications or recovered with a coverage below this cut-off. However, examination of their sequence revealed that this effect is likely attributable to incomplete trypsinization of these SAGA components.
Microarray experiments
Total RNA was isolated using a hot-phenol protocol as previously described (Lyne et al. 2003) . Between 10-20 µg of total RNA were labeled by direct incorporation of either fluorescent Cy3-or Cy5-dCTP (GE Healthcare) and the fluorescently labeled product was hybridized to S. pombe cDNA microarrays as previously described (Lyne et al. 2003) . Microarrays were scanned using a GenePix 4000B laser scanner (Axon Instruments) and fluorescence intensity ratios were calculated with GenePix Pro (Axon Instruments). The data were normalized using a script previously described (Lyne et al. 2003) . At least two biological repeats were analyzed for each mutant with dye swaps. To analyze the data, repeats for every given mutant were averaged. For each mutant, genes with ratios ≥ 2 or ≤ 0.5 (mutant/wild type) were called up-or down-regulated, respectively. The significance of overlaps between different gene lists was calculated in GeneSpring (Agilent) by using a standard Fisher's exact test. Hierarchical clustering of Ste11 targets in gcn5Δ, ada2Δ, and ada3Δ mutants was performed in GeneSpring (Agilent) using Spearman correlation, with genes containing no data in ≤ 50% of the conditions being discarded. All processed data are available in Supplementary Tables 3-5, 7, 8 or at http://www.sanger.ac.uk/PostGenomics/S_pombe/.
Northern blot and RT-PCR analysis
For Northerns, the following probes were amplified by PCR for random α-32 P-dATP labeling (positions are relative to that of ATG): ste11 (+376 to +1397), mei2 (+169 to +1132) and act1 (+222 to +1058). For quantitative RT-PCR, contaminating DNA was first removed by digesting RNA with DNase I, and then 100 ng was reverse-transcribed with an oligo-dT primer using the Invitrogen SuperScript III first-strand synthesis kit at 55˚C. The thermal cycling conditions comprised an initial denaturation at 95˚C for 10 min, followed by 40 cycles at 95˚C for 30 seconds, 55˚C for 1 min and 72˚C for 1 min. The primer sequences are listed in Supplementary Table 11 .
Mating assays
Mating assays were performed using homothallic strains as describd in Supplemental information. Homothallic strains were grown as described above and samples were withdrawn at various time points before or after the shift to starvation minimal medium. The number of zygotes and asci was counted under light microscopy. The efficiency of conjugation or sporulation was calculated with the following ratio: 2x (number of zygotes or asci, respectively)/(total number of vegetative cells + 2x number of zygotes or asci).
For fluorescence microscopy, about 1 x 10 5 cells were harvested, fixed with 1ml of prechilled methanol and incubated for 30 min at -20˚C. Cells were then pelleted, washed once with water and processed for 4',6'-diamidino-2-phenylindole (DAPI) staining. All images were acquired using a Nikon Eclipse TE2000-E equipped with a 100x, 1.4 numerical aperture, Plan Apo objective (Nikon, Melville, NY 11747) and with Metamorph 6.3r7 (Molecular Devices, Chicago, IL) software.
Chromatin immunoprecipitation (ChIP)
ChIP experiments were performed as previously described (Hickman and Winston 2007) , with minor modifications. Briefly, cell cultures were cross-linked in 1% formaldehyde for 30 min. Cells were then broken by bead-beating, and the chromatin fraction was sheared to 200 -500 bp fragments using a Bioruptor sonicator (Diagenode). For immunoprecipitations (IP), 5 µl of anti-Myc antibody (A14, Santa Cruz Biotechnology), 2 µl of anti-histone H3 (ab1791, Abcam) or 2 µl of anti-acetyl-histone H3-K9/K14 (06-599, Upstate) was incubated overnight at 4˚C with the chromatin extracts and then coupled to 50 µl of protein-G-sepharose beads (GE Healthcare Life Sciences). ChIP DNA was quantified by real-time PCR, using a Stratagene MX3000P. Specifically, qPCR was done in triplicate for each primer set, using a standard curve that was established by serial 10-fold dilutions of a representative input DNA. Thermal cycling conditions were as described for RT-PCR analysis. For myc-tagged SAGA subunits, occupancy levels were determined by dividing the percent IP (%IP) for a myc-tagged SAGA subunit at ste11 + or mei2 + (IP/input ratio) by the %IP for a non-transcribed region from the mat3 locus (Petrie et al. 2005) . To determine the specificity of enrichment of the tagged protein, the corresponding untagged control samples were included in each ChIP experiment ( Supplementary Fig. 5 ). For histone ChIP experiments, occupancy levels were determined similarly, and "no antibody" control samples were used to determine the specificity for the antisera (Supplementary Fig. 2C ). The primer sequences are listed in Supplementary + mRNA levels in nutrient rich conditions, showing that depression of transcription occurs in a strains with a catalytically inactive gcn5-E191Q point mutation. RNA was prepared from h + heterothallic strains grown in rich medium. act1 + served as a loading control. (B) Analysis of total levels of acetylated histone H3-K9/K14 and total histone H3 levels in wild-type, gcn5Δ and gcn5-E191Q mutant strains. Crude protein extracts were prepared from strains grown to mid-log phase in minimal rich medium and subjected to Western blot analysis using the same antibodies utilized for the ChIPs described in Fig. 4 . Ponceau red staining of the transfer membranes is shown as a control for loading. (C) Analysis of total levels of myc-tagged Gcn5 in wild-type or gcn5-E191Q strains, showing that Gcn5 steady-state levels are not affected by the E191Q change. Crude protein extracts were prepared from cells grown to mid-log phase in minimal rich medium and subjected to Western blot analysis using an anti-myc antibody. An untagged control strain is shown (gcn5 + ) and demonstrates the specificity of the antibody in S. pombe whole cell extracts. Ponceau red staining of the transfer membranes is shown as a control for loading.
